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Abstract:
In this work, we measured the biospeckle activity of strawberries (fragaria ⇥ ananassa) with
two recently developed algorithms. We observed an important diminution of speckle activity
within time periods of 72 h. We tested the methods by analyzing different specimens to check
for proper detection of bruised areas or fungal development. The obtained results serve as a
starting point to correlate the time evolution of biospeckle activity with aging of fruits, in order to
set the basis for development of future standardized fruit quality control procedures.
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1. INTRODUCTION
Visual or photographic images of objects illuminated by an expanded laser beam are covered with
a grainy structure that is known as speckle pattern or speckle field. A speckle pattern consists of light
spots with variable intensities and sizes, randomly distributed along the illuminated area. The observed
intensity distribution presents no obvious relation to the properties of the surface being illuminated but
strongly depends upon the viewing system [1]. The causes originating speckle patterns were recognized
to lie in the coherence of the laser light and in the roughness of any surface not ideally specular. As
understanding of this phenomenon was developed, several new measurement techniques evolved and were
grouped under the denomination of speckle methods. Speckle patterns are known to possess information
about the illuminated object at a scale below that of the wavelength used (usually called interferometric
precision) [2], and that is what speckle methods take advantage of. A speckle pattern is termed dynamic
or static, respectively, whether it changes spontaneously or not in a reasonably small time scale (say
equal or less than 1 s). A dynamic pattern is usually seen when illuminating biological samples, and thus
called biospeckle, while static patterns are generally associated with inorganic samples. In the latter case,
speckle interferometry methods [3, 4] serve to study small deformations or displacements by comparing
the patterns of the sample at two different states, before and after introducing an external perturbation. On
the contrary, biospeckle methods are based on studying the spontaneous speckle pattern time evolution of
the sample under study [5]. The term biospeckle activity (BA) is generally used to determine the degree
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of mobility of the speckle pattern.
The surfaces of most materials (organic or inorganic) are rough on the scale of an optical wavelength
(⇠ 600 nm). Therefore, in the particular case of organic samples, when laser light with a wavelength
above 600 nm is used to illuminate them, the BA does not only depend on its surface but also on its
inner tissues. This is due to the penetration depth of light near the bottom edge of the infrared range in
biological tissue. As an example of this, the penetration depth of light with a wavelength above 600 nm
in apple peel is higher than 2 mm [6] . There are several methods to analyze the temporal evolution of
dynamic speckle patterns [7–9]. Pajuelo et al. have applied dynamic speckle methods to analyze bruising
in apples [10]. Transient processes of melting ice cream have been evaluated also by means of dynamic
speckle methods by da Silva Jr. et al. [11]. In turn, Kurenda et al. investigated temperature effects on
apples for fruit quality assessment [12] and recently Amaral et al. have used dynamic speckle methods
also to evaluate and predict beef quality [13]. However, a clear understanding, a consistent explanation
and a standardized method to quantify the BA of fruits and correlate it to fruit quality are still lacking.
In this work we present results obtained from the BA analysis of strawberries, which are amongst
the most consumed fruits throughout the world (information extracted from Food and Agriculture
Organization of the United Nations, http://www.fao.org) and suffer from rapid post-harvest maturation
and aging processes [14]. Therefore, assessment of their quality and estimated shelf-life turns relevant,
while, to our knowledge, there is no optical study performed by means of dynamic speckle methods on
strawberries. Through the application of two recently developed algorithms for biospeckle analysis [15]
we have inspected the correlation between the BA value and the aging or quality characteristics of the
fruit, while maintained at room temperature conditions.
2. EXPERIMENTAL DETAILS
2.1 Image Acquisition Setup
A 30 mW diode laser (l=650 nm) was used as a coherent illumination source and the laser beam
was expanded by simply removing the front collimating lens. The fruit was directly illuminated by the
expanded beam without diffusers, as can be observed in the simplified scheme of Figure 1. A CMOS
camera with a 1megapixel resolution was used to record the image sequence of the subjective dynamic
speckle patterns formed on the surface of the fruit.
The image acquisition procedure involved three main parameters [15], namely: (i) the number of
frames per observation, N (  2), used to calculate the BA value at a given instant, (ii) the time period
between those N frames, t , whose lowest value is limited by the highest temporal resolution attainable by
the camera, being generally much greater than the dynamic speckle correlation time (typically  10 4 s)
[16], and (iii) the time period, t, between subsequent calculations of BA values.
2.2 Speckle Processing Algorithms
For the digital processing of the biospeckle patterns we used two simple algorithms developed in the
MATLABr interface, whose details can be found in [15]. Both algorithms yield a single BA value for
the desired region of the sample under analysis. This fact becomes advantageous, since the vast majority
of biospeckle evaluation methods provide a matrix of BA values instead (see, for example, [17] and [18]).
We proceed now with a brief description of them.
The first method is based on the generalized differences (GD) [19] and Fujii [20] methods. It consists
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Figure 1. Simplified scheme of the optical setup and the main parameters involved during image acquisition. The
diode laser beam is expanded by removing its collimating lens. Each image sequence involves the acquisi-
tion of N frames, with a time interval t between them. From this sequence, a single BA value is calculated
for a time instant of length dt = (N 1)t . This is repeated after a time t, to measure the time evolution
of BA.
on averaging differences between pixel intensities of subsequent speckle images. Therefore, differing
from GD or Fujii, this method allows to easily get a single BA value index and quantify the overall degree
of mobility of the dynamic speckle pattern at a given time instant of length Dt = (N – 1)t (see Figure 1).
Mathematically, the algorithm can be expressed as
BA1 =
1
m⇥n
N 1
Â
k=1
1
N 1
m
Â
i=1
n
Â
j=1
|Ik+1(i, j)  Ik(i, j)| , (1)
where BA1 stands for the BA value obtained from the first method, m and n are the number of rows and
columns of each image, respectively, Ik(i,j) is the (i,j) component of the k-th image and N is the number
of frames in the sequence. Hence, the BA value calculated in this way measures the image-to-image area
averaged absolute pixel intensity variation.
In turn, the second method quantifies the BA by measuring the average fraction of pixels whose
intensities change from image to image in more than a certain amount, which we call speckle noise. If a
speckle pattern is ideally static, i.e. if there is no mobility at all, this fraction would be obviously zero. In
the real case, each speckle pattern, whether static or dynamic, is most probably affected by some degree
of noise coming from different sources (vibrations, ambient dust, electronics, thermal fluctuations, and so
on). The amount of noise of the acquisition system may be estimated in several ways by measuring the
variation of pixel intensity in a speckle pattern which a priori should be static. We have estimated the
noise level, r, by means of taking the maximum pixel to pixel absolute intensity variation in a region R of
the N images where the speckle pattern is supposed to be static. Mathematically this is expressed as
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r = max
k=1...N 1
   R(i, j)statick+1  R(i, j)statick    , (2)
wherek covers all possible values from 1 to N – 1 and now i and j sweep over all pixels of region R. The
static superscript remarks the fact that this calculation has to be performed on a region R of the N images
where the speckle pattern must be nearly static. Once the noise level is approximated, the algorithm
proceeds with the following operation
BA2 =
1
m⇥n
N 1
Â
k=1
1
N 1
m
Â
i=1
n
Â
j=1
Q [|Ik+1(i, j)  Ik(i, j)|  r] , (3)
where now the BA2 value is the result obtained from the second method, the scaling factor (m⇥n) 1
transforms the obtained quantity to the desired area fraction of varying pixels, Q[x] is the well-known
Heaviside function and, obviously, by multiplying this quantity by 100 we get a percentagevalue.
2.3 Analyzed Samples
We analyzed four different strawberries (fragaria ⇥ ananassa) which will be referred as A, B, C and
D from now on. Samples B, C and D were taken from the same stock to ensure they have the same age,
while sample A was extracted from a totally different stock. Strawberries have a quick ripening process,
as mentioned before, for which we expected to detect significant BA variations during a few days.
Sample A was analyzed by calculating first its BA value at t = 0 h and then at t = 24 h. Each time, a
sequence of N = 10 photographs was acquired with a time interval t = 1 s between them (see Figure
1). For the rest of the samples, the BA calculation was performed every (t =) 30 min, taking also N =
10 photographs separated by a t = 1 s time interval. In this way, sample B was observed during 87 h,
sample C during 92 h and sample D during 74 h. Sample D was frozen at –12  C for 24 h previous to the
experiment, in order to hasten the ripening process.
3. RESULTS AND DISCUSSION
Sample A was used as a test for the algorithms and allowed us to prove that the BA values diminished
appreciably from one day to the next by making only two observations, separated by a 24 h period. The
BA1 value dropped from 3.0 to 1.9, while the BA2 value decayed from 65% to 28%. Relative errors were
around 10% in both cases. In Figure 2 we present the image representations of sample A, obtained by
means of extracting data from the first algorithm, at the (a) first and (b) second day of observation.
These images clearly show that as cellular activity decayed from one day to the next, the image
definition deteriorated at some regions of the strawberry. This could be observed easily with the naked
eye and was further confirmed by calculating the pixel intensity mean value, which underwent almost a
40% diminution between both states. The BA1 values obtained for sample B ranged between 10.0 and 7.2,
with relative errors below 6%. In turn, we obtained BA2 values starting at 84.4% and decreasing to 70.5%
with also a maximum relative error of 6%.
In Figure 3 we present the BA curves obtained from both methods, showing the decreasing trend for
sample B as a function of time. There is a slight fluctuation above and below the average trend curves, but
the monotonous overall diminution is clear. The curves have a similar shape, which evidences that both
algorithms are consistent with each other. It is worth noting that these values are quite high in relation to
those of sample A, but we recall here that this sample was brought from a different strawberry stock.
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Figure 2. Images of sample A reconstructed from the first algorithm at (a) the first day and (b) the second day. The
appearance of black zones in (b) denotes BA diminution.
Figure 3. Evolution of BA values for sample B as a function of time, obtained by both methods. The curves present
nearly the same monotonous diminution trend during 87 h of observation.
The BA1 calculations for sample C yielded values in the range between 5.0 and 1.2, while BA2 values
ranged between 87% and 43%. Relative errors were quite high (reaching 60%) for this strawberry
when calculating BA1 values. In turn, relative errors for BA2 were much lower and around 10%. The
evolution of BA1 and BA2 values through the 92 h observation period is shown in Figure 4. This sample
was characterized by the existence of a black region in its surface, which was intentionally put facing
the camera to analyze the influence on the obtained BA values of surface defects on the fruit. This
region corresponded, in this particular case, to a bruised area. Therefore, this explains the fact that the
BA values for sample C were lower than those obtained for sample B. We also observed for sample
C a monotonous BA diminution during approximately 60 h, followed by a slight increment for longer
times. This unexpected behavior conducted us to analyze the cause for that, for which we just continued
observing the fruit.
69
SOP TRANSACTIONS ON APPLIED PHYSICS
Figure 4. Evolution of BA values for sample C as a function of time, obtained by both methods. The curves
presented a reversal of the decaying trend, which was due to growth of fungi colonies as was visually
confirmed after continued observation of the fruit.
Remarkably, we noticed the appearance of fungi in the initially bruised region to which we attributed
the reversal of the BA diminishing trend. The detection of fungi by means of dynamic speckle methods
has already been reported by other authors [17].
Sample D, which was previously frozen, yielded BA1 values ranging between 9.0 and 0.6 and BA2
values decreasing from 81% to 10%. Here again, relative errors for BA1reached values as high as 65% and
remained below 20% for BA2. The BA evolution curves are shown in Figure 5. Both curves presented an
important diminution during the first 5 h period and continued to decrease subsequently at a lower rate.
After 40 h of observation, the diminution rate augmented until BA reached the lowest values throughout all
samples with both algorithms. This is coincident with the fact that sample D was frozen and, consequently,
its cells were damaged.
Results obtained for all samples showed a typical response of ripening biological tissues, i.e. a BA
diminution as the fruit ages [5]. The observed fluctuations of the curves are related to the characteristic
randomness of biospeckle patterns.
Sample B presented the highest BA values, being this coincident between both algorithms. This
motivated us to assert that sample B should be the highest quality fruit among the studied group of
strawberries coming from the same stock, i.e. among samples B, C and D. Our assertion is supported
by these evidences: (i) sample C has a bruised area, which we intentionally located in the region under
analysis and effectively resulted in appreciably lower initial BA values, (ii) sample D was frozen prior to
analysis, which also resulted in slightly lower initial BA values and a quicker diminution of activity as
compared to sample B, (iii) sample D, which was previously frozen, yielded the lowest BA values after an
observation period of around 60 h with respect to samples B and C and (iv) relative errors resulting from
BA calculations for sample B were lower than those for both samples C and D. Relative errors resulted
systematically higher for BA1 calculations as compared to BA2. The reason for this is that the averaging
procedure in (1) takes into account the intensity of all pixels without considering if they changed or not.
However, the calculation procedure for BA2 given in (3) involves an averaging procedure only among
those pixels whose intensity varies above a certain threshold value, given by (2). Such high initial BA
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Figure 5. Evolution of BA values for sample D (previously frozen) as a function of time, obtained by both methods.
The curves presented a higher diminution rate as compared to the other samples. Abrupt decay during the
first 5 h was attributed to the defrosting process of the fruit.
values of sample D are attributed to the defrosting process of the strawberry (i.e. humidity) rather than to
the biological activity of the fruit. Sample C also served us, unexpectedly, to infer that fungi colonies
could be detected by these methods provided a sufficiently long observation period. In this particular case,
a time period of around 24 h was necessary to detect the reversal of the decaying trend in the BA curve
(see Figure 4). We are currently working on fungi detection by means of dynamic speckle methods [21],
however this issue exceeds the aim of the present article and will be further analyzed in future works.
4. CONCLUSION
We have inspected the evolution of the BA of strawberries by means of applying two simple algorithms
that were proposed recently [15]. The results obtained from both methods were comparable for all samples
and showed a decaying biological activity as a function of time, as was expected. The viability to identify
different conservation states of a strawberry has been demonstrated. Both methods allowed distinguishing
between good quality fruits (i.e. recently harvested or well preserved) from one that is at an advanced
stage of maturation. We have also checked that BA values differ between a healthy area and a damaged or
bruised one, which allow inspecting the state of different zones of the same fruit. Moreover, these methods
allowed for an early detection of fungi colonies growing onto the surface of the fruit. In conclusion, the
results presented in this work allowed us to assert that the employed evaluation methods appear as useful
tools for fruit quality assessment. Further research efforts will be pointed towards this issue.
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